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Elk (Cervus elaphus) calves remain hidden after
parturition (Darling 1937, Geist 1982) for up to 14
days. This behavior combined with their cryptic
pelage coloration can make detection difficult. A
variety of techniques has been used to locate and
facilitate capture efforts of cervid neonates,but suc-
cess rates are dependent on the landscape,
researcher determination and experience, and
funding. Reported approaches include the use of
neonate distress calls to lure hiding neonates from
cover (Johnson 1951, Diem 1954, Arthur et al.
1978), spotlighting (Steger and Neal 1981), system-
atic searches through known parturition habitat
(Lund 1975, Ballard et al. 1999), monitoring the
behavior of radiocollared, pregnant females
(Huegel et al. 1985, Kunkel and Mech 1994, Vore
and Schmidt 2001), VITs (Garrott and Bartmann
1984,Bowman and Jacobson 1998,Carstensen et al.
2003), and searches from helicopters over open ter-
rain (Kuck et al. 1985, Smith and Anderson 1996,
Singer et al. 1997). The last-named technique is
expensive and may not be practical in rugged or
forested areas. Use of VITs may be a more eco-
nomical and less time-consumptive option
(Carstensen et al. 2003).
Vaginal implant transmitters were developed to
locate parturition sites and neonates for demo-
graphic studies. Implants may help alleviate sam-
pling bias by aiding the capture of the youngest,
most vulnerable animals for study. Since their intro-
duction 2 decades ago, implants have improved in
reliability. Early studies concluded that implants
were unreliable (Garrott and Bartmann 1984,
Nelson 1984). In fact,Garrott and Bartmann (1984)
described reproductive complications in female
mule deer (Odocoileus hemionus) when a purse-
string suture was used to retain the transmitter.
Conversely, an inert implant transmitter was devel-
oped for white-tailed deer (O. virginianus) that
remained in place without sutures and that did not
complicate reproduction (Bowman and Jacobson
1998). Carstensen et al. (2003) recommended this
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Abstract We compared the utility of vaginal implant transmitters (VITs) and field searches for locat-
ing elk (Cervus elaphus) calves in southeastern Kentucky during the spring of 2001.
Retention of VITs among 40 adult females ranged from 1–276 days (x-=61.6±8.4 [SE]
days).  Approximately half of the transmitters (n=19) were expelled prematurely or mal-
functioned.  Two of 37 (5%) transmitters in translocated females performed as designed
and led to calf capture.  We captured more calves (n=9 in 2001; n=16 in 2002) by
searching areas where elk exhibited parturition behavior.  We suggest that manufacturers
refine the current VIT design to increase its application and cost-effectiveness.
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implant over monitoring parturition behavior to
locate and capture white-tailed deer fawns. Kastler
(1998) and Vore and Schmidt (2001) used a modi-
fied design of this implant for elk with marginal to
moderate success and no apparent signs of repro-
ductive complications.
As part of a calf survival study on a recently rein-
troduced herd in southeastern Kentucky (Seward
2003), we used VITs and field searches to locate elk
calves. Herein, we compare rates of success and
the relative cost-effectiveness of each technique.
Study area
We studied elk at Addington Wildlife
Management Area (WMA) (formerly Cyprus-Amax
WMA), a 7,400-ha coal mine centrally located with-
in the 14-county, 1.06-million-ha restoration zone in
southeastern Kentucky. Addington WMA consisted
of 4,400 ha of forest, 2,000 ha of reclaimed grass-
land, and 1,000 ha of active mining (Larkin et al.
2004). The restoration zone was 79% second-
growth mixed-mesophytic forest, 10% active and
reclaimed surface mines, 9% agriculture, and 1.5%
urban. Forests were comprised of >30 dominant
canopy tree species (Braun 1950) that occurred on
narrow winding ridges, steep side slopes,deep den-
dritic drainages, and tapering valleys (McFarlan
1943). Elevations ranged from 244–488 m above
mean sea level (Overstreet 1984). Reclaimed sur-
face mines were dominated by a variety of exotic
grasses and forbs, including Kentucky-31 tall-fescue
(Festuca arundinacea) and bush clover
(Lespedeza spp.). Planted and colonizing woody
species on the mines included black locust
(Robinia pseudoacacia), hazel alder (Alnus serru-
lata), autumn-olive (Elaeagnus umbellata), and
white pine (Pinus strobus). The climate is temper-
ate humid continental with warm summers and
cool winters (Overstreet 1984). Average annual
temperature is 12°C, with a minimum January tem-
perature of –4°C and a maximum July temperature
of 30°C (Ulack et al. 1998). Annual precipitation
averaged 122 cm, with the highest rainfall occur-
ring in March and July (Ulack et al. 1998).
Methods
Thirty-seven adult female elk were captured by net
gun from a helicopter (Schemnitz 1994) and trans-
ported to a holding facility at Hardware Ranch WMA,
Utah, in February 2001. We classified elk as pregnant
if blood serum progesterone exceeded 1 ng/ml
(Schmitt et al. 1986, Bender et al. 2002). We fitted
pregnant females with a Duflex numbered ear tag
(Destron Fearing Corp., South Saint Paul, Minn.), a
collar-mounted very high frequency (VHF) radio-
transmitter (Telemetry Solutions, Concord, Calif.;
Telonics Inc., Mesa, Ariz.; and Lotek Engineering,
Newmarket, Ont.), and a VIT (Advanced Telemetry
Systems, Inc., Isanti, Minn.). Implants were equipped
with a sensor that changed their pulse rate from 40
to 80 beats per minute when exposed to <34.4° C.
Implants weighed 26 grams and had a battery-life
expectancy of 160 days. Implant dimensions were
body length of 246 mm including antennae (160
mm); 57-mm wing length; 9-mm wing width; and 14-
mm body diameter. Because we were under time
constraints relative to scheduled captures of elk in
western herds, we used this readily available design
despite its intended application in white-tailed deer.
Nonetheless, the manufacturer had confidence in its
suitability. We transported instrumented elk nonstop
to Kentucky and released them immediately upon
arrival at Addington WMA. Additional details regard-
ing capture, disease-testing, and translocation can be
found in Larkin et al. (2001, 2003).
We recaptured 3 adult females previously translo-
cated to Addington WMA and equipped them with
VITs in April (n=2 in 2001;n=1 in 2002). We immo-
bilized these females using a DanInject delivery sys-
tem (Wildlife Pharmaceuticals, Inc., Fort Collins,
Colo.) and carfentanil citrate (Wildnil, Wildlife
Pharmaceuticals, Inc., Fort Collins, Colo.), tested
them for pregnancy by rectal palpation (Greer and
Hawkins 1967),and fitted them with an implant. We
also randomly selected a group of radiocollared
adult females (n=20 in 2001; n=24 in 2002) previ-
ously translocated to Addington WMA to monitor for
parturition behavior without the use of VITs.
We located all radio-instrumented elk at least
once each week during daylight using ground or
aerial telemetry (Mech 1983). Ground locations
were recorded opportunistically when researchers
observed instrumented elk during searches for
calves, carcasses, and dropped transmitters. During
the calving season (15 May–30 June), we located all
instrumented elk 2–3 times each week and females
with VITs on a daily basis. We recorded locations as
Universal Transverse Mercator coordinates (Grubb
and Eakie 1988) with a Global Positioning System
unit. We continued to monitor elk for parturition
behavior when VITs malfunctioned or were
expelled prematurely.
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We initiated a calf search when an increased
pulse rate from the implant was detected or when
the signal amplitude was noticeably higher. We
conducted field searches from 1 May to 30 June
during 2001 and 2002 because some implants were
expelled immediately prior to the calving season.
We initiated calf searches for females without
implants following movements away from the herd
or restriction of spatial movements (Langley and
Pletscher 1994, Vore et al. 1996, Vore and Schmidt
2001). Searches began where we recovered the
implant or at the location where we first observed
the female. Groups of 1–3 researchers systemati-
cally searched the area until the calf was found or
until search time expired (1 hour). Calves were
captured by hand as described by White et al.
(1972) and fitted with a VHF transmitter mounted
on an expandable collar (Advanced Telemetry
Systems, Inc., Isanti, Minn.).
Results
We equipped 40 elk with VITs. Of the 37 translo-
cated elk with implants, 14 died from capture-relat-
ed injuries during the first 6 weeks post-release. We
recovered 5 (36%) of these implants in the carcass,
while we recovered the remainder (n=9) <150 m
from the carcass. Mean retention of the implants
for elk that died was 42.5 (SE=2.4) days. Fifteen
implants, not including the 14 capture-related mor-
talities, were expelled prepartum (2 during the
~3,000-km transport to Kentucky, 10 post-release, 3
by immobilized elk). We subsequently observed 2
females with calves that prematurely expelled their
VITs. We suspected battery failure in 1 implant
because the signal was not heard after 14 days of
monitoring. We failed to locate 2 females with
implants after translocation.
Eighteen implants were still operating in elk on 1
May 2001. Pulse rates of 4 implants failed to change
after expulsion and exposure to reduced ambient
temperature. In these cases,we detected expulsion
by increased signal amplitude and disparate loca-
tions between the implant and the radiocollared
elk. We captured 2 calves 8 and 30 m from the
expelled transmitters after 0.5 and 1.0 hour of
searching, respectively. Mean retention for these 2
implants was 95 (SE = 0.5) days. Two females
retained implants after the calving season for 154
and at least 276 days. The second implant was
known to be retained until battery exhaustion.
Both females successfully calved in 2002. Addition-
ally, 64% of the elk instrumented with implants in
2001 that survived until the following year (n=26)
produced a calf in 2002. Thus, implants do not
appear to cause future reproductive complications
when retained beyond the calving season.
We monitored 20 and 24 females without
implants during the 2001 and 2002 calving seasons,
respectively. We captured 25 calves by monitoring
pre-parturition movements and behavior of females
during the calving season. Parturition behavior that
contributed to the capture of all radiocollared
calves included adult female movements away from
their centers of activity, reluctance to flee when
approached by researchers, and bark vocalizations.
We identified 57 calves by monitoring parturition
behavior;however,32 of these were too mobile (>7
days old; Wallace and Krausman 1985) for capture
and inclusion in the survival study.
The cost of using implant transmitters was
$5,175.00 (U.S.). We determined this value by mul-
tiplying the number of females with implants that
survived 6 weeks after translocation (n=23) by the
cost of each implant ($225.00). Thus, the estimated
cost per calf captured by implant technology (n=2)
was $2,587.50.
We invested an average of 34.5 personnel-hours
(1–3 searchers) per calf captured by monitoring
parturition behavior and performing field searches.
We estimated the cost of monitoring for parturition
without VIT technology at $8,000 (females were
located 8 times during the month of April and 24
times during May and June with an average cost of
$250.00 per flight). Thus, the estimated cost per
calf captured with traditional field searches (n=9)
was $888.90 for 2001. We excluded the associated
costs of capture, handling, and the loss of instru-
mented females that died from capture-related
injuries because these costs vary with capture tech-
niques and researcher experience, however, these
costs should be considered in future projects. We
also assumed that personnel time and fuel costs
were equally distributed between techniques.
Discussion
We found that VITs largely failed to facilitate calf
captures. Early expulsion and malfunction severely
limited their effectiveness. Similar results were
reported in Montana, where 8 implants in free-rang-
ing elk were “marginally useful”(Kastler 1998). Poor
retention and transmitter malfunction have been
prevalent problems with implants (Garrott and Bart-
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mann 1984, Nelson 1984, Bowman and Jacobson
1998, Carstensen et al. 2003). Kastler (1998)
observed battery failure in 38% of implants used in
Montana. While battery failure was not a serious
problem in our study (n=1; 2.5%), only 18 (45%)
translocated females retained their implants until 1
May (64 days post-instrumentation). We believe pre-
mature expulsion of the implants may have been
caused by early contractions, stillborn passage,or by
the individual pulling on the antennae. Our prob-
lems were further exacerbated by using readily
available equipment designed for a smaller species.
Greer and Hawkins (1967) found the distance of
the vaginal canal to be 200–255 mm with a cervical
diameter of approximately 12–19 mm in pregnant
2.5-year-old elk. Because a multiparous adult cervix
(>3.5 years of age) is approximately 51 mm in
diameter (Greer and Hawkins 1967), we suggest
that future researchers use VITs that are >14 mm in
diameter and have a wing length >57 mm. A larger-
diameter implant with wider wings may prevent
premature expulsion, internal shifting/displace-
ment, and reduce the likelihood of cervical punc-
ture. We recommend use of a larger implant only in
elk >3.5 years of age and that have likely given birth
to at least one calf (Wisdom and Cook 2000).
Additionally, to prevent females from pulling
implants out with their mouths, the antennae
should be adjustable to fit each animal. This is
important because vaginal canal length also
increases with age (Greer and Hawkins 1967).
We believe that the VIT design we used for elk is
unreliable and results in a higher cost per calf com-
pared to traditional monitoring and field searches.
A more dependable and retainable implant must be
designed before VITs make a significant contribu-
tion to research on free-ranging elk populations.
Acknowledgments. We appreciate the financial
support of the Rocky Mountain Elk Foundation, the
Kentucky Department of Fish and Wildlife
Resources, the Earthwatch Institute, and the Uni-
versity of Kentucky Graduate School and Depart-
ment of Forestry. We thank K. C. VerCauteren and
an anonymous reviewer for constructive criticism
on an earlier draft of this manuscript. We also rec-
ognize the efforts of B. Meade, USDA for analyzing
the serum progesterone pregnancy tests; helicop-
ters by OZ, Marysvale, Utah, for capture and trans-
port of elk; L. Cornicelli and Utah Division of
Wildlife Resources biologists at Hardware Ranch;
KDFWR biologists C. Logsdon and D. Crank; field
technicians K. MacCarthy and R. Strauss; and all
Earthwatch participants for assistance with field-
work. This is manuscript number 04-09-167 of the
Kentucky Agricultural Experiment Station and is
published with permission of the Director.
Literature cited
ARTHUR, J.W., III, G. S. HIAT,AND W.A.ALLDREDGE. 1978. Response of
mule deer to tape recorded fawn distress call. Wildlife Society
Bulletin 6:169–170.
BALLARD,W.B.,H.A.WHITLAW,S. J.YOUNG,R.A. JENKINS,AND G. J.FORBES.
1999. Predation and survival of white-tailed deer fawns in
northcentral New Brunswick. Journal of Wildlife Management
63:574–579.
BENDER, L. C., E. CARLSON, S. M. SCHMITT,AND J. B. HAUFLER. 2002. Pro-
duction and survival of elk (Cervus elaphus) calves in Michi-
gan. American Midland Naturalist 148:163–171.
BOWMAN, J. L., AND H. A. JACOBSON. 1998. An improved vaginal-
implant transmitter for locating white-tailed deer birth sites
and fawns. Wildlife Society Bulletin 26:295–298.
BRAUN, E. L. 1950. Deciduous forests of eastern North America.
Hafner, New York, New York, USA.
CARSTENSEN, M., G. D. DELGIUDICE, AND B. A. SAMPSON. 2003. Using
doe behavior and vaginal-implant transmitters to capture
neonate white-tailed deer in north-central Minnesota.Wildlife
Society Bulletin 31:634–641.
DARLING, F. F. 1937. A herd of red deer. Oxford University, Oxford,
United Kingdom.
DIEM, K. L. 1954. Use of a deer call as a means of locating deer
fawns. Journal of Wildlife Management 18:537–538.
GARROTT, R. A., AND R. M. BARTMANN. 1984. Evaluation of vaginal
implants for mule deer. Journal of Wildlife Management 48:
646–648.
GEIST,V. 1982. Adaptive behavioral strategies. Pages 219–277 in J.
W. Thomas and D. E. Toweill, editors. Elk of North America:
ecology and management. Stackpole Books, Harrisburg, Penn-
sylvania, USA.
GREER, K. R.,AND W.W. HAWKINS, JR. 1967. Determining pregnancy
in elk by rectal palpation. Journal of Wildlife Management 31:
145–149.
GRUBB, T. G., AND W. L. EAKIE. 1988. Recording wildlife locations
with the Universal Tranverse Mercator (UTM) grid system.
United States Forest Service, Fort Collins, Colorado, USA.
HUEGEL, C. N., R. B. DAHLGREN, AND H. L. GLADFELTER. 1985. Use of
doe behavior to capture white-tailed deer fawns. Wildlife Soci-
ety Bulletin 13:287–289.
JOHNSON, D. E. 1951. Biology of the elk calf, Cervus canadensis
nelsoni. Journal of Wildlife Management 15:396–410.
KASTLER, M.A. 1998. Elk pregnancy, production, and calf survival
in the south fork of the Flathead River, Montana. Thesis, Mon-
tana State University, Bozeman, USA.
KUCK,L.,G.L.HOMPLAND,AND E.H.MERRILL. 1985. Elk calf response
to simulated mine disturbance in southeast Idaho. Journal of
Wildlife Management 49:751–757.
KUNKEL, K. E., AND L. D. MECH. 1994. Wolf and bear predation on
white-tailed deer fawns in northeastern Minnesota. Canadian
Journal of Zoology 72:1557–1565.
LANGLEY, M.A.,AND D. H. PLETSCHER. 1994. Calving areas of moose
in northwestern Montana and southeastern British Columbia.
Alces 30:127–135.
LARKIN,J.L., J. J.COX,M.W.WICHROWSKI,M.R.DZIALAK,AND D.S.MAEHR.
2004. Influences on release-site fidelity of translocated elk.
754 Wildlife Society Bulletin 2005, 33(2):751–755
FromField (Seward et al).qxp  9/23/2005  4:31 PM  Page 754
Restoration Ecology 12:97–105.
LARKIN, J. L., J. J. COX, D. S. MAEHR, D. C. BOLIN,AND M.W.WICHROWSKI.
2003. Demographic characteristics of a reintroduced elk pop-
ulation in Kentucky. Journal of Wildlife Management 67:
467–476.
LARKIN, J. L., R. A. GRIMES, L. CORNICELLI, J. J. COX, AND D. S. MAEHR.
2001. Returning elk to Appalachia: foiling Murphy’s Law.
Pages 101–117 in D.S.Maehr,R.F.Noss,and J.L.Larkin,editors.
Large mammal restoration: ecological and sociological chal-
lenges in the 21st century. Island Press,Washington,D.C.,USA.
LUND, R. C. 1975. The capture and marking of wild, newborn
white-tailed deer fawns. Transactions of the Northeast Fish
and Wildlife Conference 32:25–33.
MCFARLAN,A. C. 1943. Geology of Kentucky. Waverly Publishing,
Baltimore, Maryland, USA.
MECH, L. D. 1983. Handbook of animal radio-tracking. University
of Minnesota Press, Minneapolis, USA.
NELSON, T. A. 1984. The production and survival of white-tailed
deer fawns on Crab Orchard National Wildlife Refuge. Disser-
tation, Southern Illinois University, Carbondale, USA.
OVERSTREET, J. C. 1984. Robinson Forest inventory: 1980–1982.
University of Kentucky, College of Agriculture, Department of
Forestry, Lexington, USA.
SCHEMNITZ, S. D. 1994. Capturing and handling wild animals.
Pages 106–124 in T. A. Bookhout, editor. Research and man-
agement techniques for wildlife and habitats. The Wildlife
Society, Bethesda, Maryland, USA.
SCHMITT,S.M.,T.M.COOLEY,AND P.D.FREIDRICH. 1986. 1985 elk hunt
biological data. Michigan Department of Natural Resources
Wildlife Division Report Number 3027, Lansing, Michigan,
USA.
SEWARD, N.W. 2003. Elk calf survival, mortality, and neonatal habi-
tat use in eastern Kentucky. Thesis, University of Kentucky,
Lexington, USA.
SINGER, F. J.,A.HARTING,K.K. SYMONDS,AND M.B.COUGHENOUR. 1997.
Density dependence, compensation, and environmental
effects on elk calf mortality in Yellowstone National Park. Jour-
nal of Wildlife Management 61:12–25.
SMITH, B. L., AND S. H.ANDERSON. 1996. Patterns of neonatal mor-
tality of elk in northwest Wyoming. Canadian Journal of Zool-
ogy 74:1229–1237.
STEGER, G. N.,AND D. L. NEAL. 1981. Night lighting: a technique to
locate and capture fawns. Pages 155–158 in Cal-Neva Wildlife
Transactions. Pacific Southwest Forest and Range Experiment
Station, Fresno, California, USA.
ULACK, R., K. RAITZ,AND G. PAUER, editors. 1998. Atlas of Kentucky.
University of Kentucky, Lexington, USA.
VORE, J. M.,AND E. M. SCHMIDT. 2001. Movements of female elk dur-
ing calving season in northwest Montana. Wildlife Society Bul-
letin 29:720–725.
VORE, J. M., E. M. SCHMIDT, AND R. STUSSY. 1996. Determination of
reproduction in elk through observation and behavior. Mon-
tana Fish,Wildlife, and Parks, Kalispell, USA.
WALLACE, M. C., AND P. R. KRAUSMAN. 1985. Neonatal elk habitat in
central Arizona. Pages 69–75 in R. D. Brown, editor. The biol-
ogy of deer. Springer-Verlag, New York, New York, USA.
WHITE, M., F. F. KNOWLTON, AND W. C. GLAZENER. 1972. Effects of
dam–newborn fawn behavior on capture and mortality. Jour-
nal of Wildlife Management 36:897–906.
WISDOM, M. J., AND J. G. COOK. 2000. North American elk. Pages
694–735 in S. Demarias and P. R. Krausman, editors. Ecology
and management of large mammals in North America. Pren-
tice Hall, Upper Saddle River, New Jersey, USA.
Address for Nathan W. Seward, David S. Maehr, John J. Cox, and
Jeffery L. Larkin: Department of Forestry, University of Kentucky,
Lexington, KY 40546, USA.  Present address for Seward: United
States Department of Agriculture, Animal Plant and Health
Inspection Service, Wildlife Services–National Wildlife Research
Center, 4101 LaPorte Ave., Fort Collins, CO 80521-2154, USA;
e-mail: nathan.w.seward@aphis.usda.gov.  Present address for
Larkin:  Department of Biology, Indiana University of Pennsylva-
nia, 975 Oakland Avenue, Indiana, PA 15705.  Address for
Jonathan W. Gassett: Kentucky Department of Fish and Wildlife
Resources, #1 Game Farm Road, Frankfort, KY 40601, USA.
“Nate” Seward (photo) is
a biological science
technician in the Wild-
life  Disease program at
the National Wildlife 
Research Center in 
Fort Collins, Colorado.
Nathan received a B.S. in
wildlife management
from Ohio State Univer-
sity and his M.S. in
wildlife biology from the
University of Kentucky.
He is a certified Associ-
ate Wildlife Biologist and
has been a member of
TWS since 1999.  His in-
terests include cervid ecology and management, wildlife dis-
eases, predator–prey ecology, and large-mammal restoration.
David S. Maehr received his Ph.D. in wildlife ecology and con-
servation from the University of Florida.  He is currently associ-
ate professor of conservation biology in the Department of
Forestry at the University of Kentucky, chair of the TWS Certifi-
cation Review Board, and a fellow of the Aldo Leopold Leader-
ship Program.  Dave’s research examines the ecology, conser-
vation, and restoration of large mammals and other vertebrates.
Dave has authored over 100 technical papers and 3 books in-
cluding the award-winning edited volume: Large Mammal
Restoration: ecological and sociological challenges in the 21st
century (2001).  Jonathan W. Gassett is a Commissioner for the
Kentucky Department of Fish and Wildlife Resources.  Jon ob-
tained his M.S. and Ph.D. degrees in forest resources from the
University of Georgia.  John J. Cox is a research scientist at the
University of Kentucky’s Department of Forestry.  He earned B.S.
and M.S. degrees in biology from Morehead State University
and his Ph.D. from the University of Kentucky.  John’s research
focuses on the ecology of reintroduced elk, coyote, white-tailed
deer, common raven, black bear, and people in eastern Ken-
tucky.  His other professional interests include development and
implementation of regional reserve systems within the Cumber-
land Plateau, Neotropical songbird ecology and conservation,
and wildlife photography.  Jeffery L. Larkin is an assistant pro-
fessor of conservation biology at Indiana University of Pennsyl-
vania Department of Biology.  Jeff received his B.S. in biology
from Ithaca College and his M.S. and Ph.D. from the Universi-
ty of Kentucky.  His interests included ornithology, conservation
biology, restoration ecology, and the ecology and management
of large carnivores.  Jeff is currently a member of the United
States Olympic developmental 2-man bobsled team.
From the Field • Seward et al. 755
FromField (Seward et al).qxp  9/23/2005  4:31 PM  Page 755
